Statistics of accidents in British coal-mines have been collected in one form or another since 1873 (Ministry of Power, 1957) . From those early days there has been a steady decline in the numbers of fatalities but even now more than 300 men a year are killed in mining accidents. About a million and a half injuries, varying from the trivial to the fatal, are reported in a year and coal-miners, who form only about a twentieth of the insured male population of Great Britain, account for nearly half of all industrial injuries attracting benefit.
Because of, on the one hand, the requirements of the Mines Inspectorate of the Ministry of Power, and, on the other, arrangements for compensation, casualties* in the industry are classified into the following four categories:
(a) Fatal casualty.
(b) Other "reportable" casualty: a report must be made to the Mines Inspectorate of any case of " serious personal injury" (such as a major fracture) and of every "dangerous occurrence '"t (c) Other compensable casualty: an injury which causes absence from work for more than three days and which is therefore compensable under the National Insurance (Industrial Injuries) Act. (d) Non-compensable casualty, i.e., any casualty not included in the three categories above.
Although the great majority of casualties are in category (d), the compensable casualties, i.e., those in categories (a) and (c) together with most of those in (b) , amount at present to over 200,000 a year. For the years 1945 to 1949 inclusive, certain information about these casualties was reported to the Ministry of Power where a card was punched for each casualty. It was natural to assume that this material, consisting of over 900,000 cards, would be a reasonable source of data for statistical research. The material (data A) was, therefore, borrowed by the National Coal Board and the work described below was carried out on it. Work was also done by the technical section of the Board's central Statistics Branch on more detailed and more up-todate material (data B) relating to 14 collieries onlyless than 2 % of those in the Board. The third source of material (data C) was available in the shape of colliery accident rates and other colliery statistics. These data are described in detail below.
Despite the vast amount of data available, the conclusions were mainly negative. This was largely because standards of recording and habits of reporting appeared to differ appreciably and because the background information necessary for detailed work was not available. There were, however, a number of positive findings which are discussed in this paper.
The Data
The three bodies of data studied are described below:
Data A.-For each compensable casualty occurring in the five years 1945 to 1949, one 45-column Powers-Samas card had been punched. The data, obtained from a statutory return, contained information about the man involved, the time, place, and cause of accident, the resulting injury, and the length of absence which followed.
Data B.-For each compensable casualty occurring during 1953 at eight collieries in one area, X, and at six collieries in another area, Y, in a different division* one 80-column Hollerith card had been punched. The data were obtained from an accident report form which had been coded at divisional level. The information punched was similar to that of data A, but more detailed.
Data C.-One punched card for each colliery contained two accident rates for both 1953 and 1954: underground (number of compensable underground casualties per 100,000 manshifts worked underground) and surface (number of compensable surface casualties per 100,000 manshifts worked on the surface). A variety of descriptive information about the colliery is also available on the card, which forms part of the " colliery profile ".* Classification of Casualties.-All the data described above relate to compensable casualties, including, at the extremes, fatalities, and men suffering from minor injuries, but excluding injuries not causing at least four days' absence. The distinction between the categories of casualty described above is, of course, largely arbitrary and it is instructive to compare the rates of compensable casualties with those for other categories.
If habits of reporting and standards of recording did not vary, it would be expected that a group of collieries which are " safe" would have a low rate for each category of injury, whereas collieries which are " dangerous " would have high rates.
Fatal accidents are too rare to allow of an examination for individual pits over any reasonable period of time, but it is possible to study figures for N.C.B. divisions. On the hypothesis that the rates of the various categories of casualty each reflect the degree of safety in a division, we would expect a high correlation between each pair of rates. In fact, such correlations are not found except between the rates of fatalities and of other reportable casualties, and here the correlation coefficient is +0-8. In no other case is there any trace of the positive association that our hypothesis would lead us to expect.
Confirmation can be found in an examination of area rates. There is no correlation between the rates of fatal and non-fatal (compensable) accidents in 1954, but since there are few fatal accidents in any area in one year the rates are rather unreliable. However, there is no trace of correlation between area rates of all reportable casualties (categories (a) and (b) combined) and rates of other compensable injuries.
Further evidence is found in Fig. 1 It should be borne in mind that none of the information had been collected for research purposes, and discrepancies and shortcomings, which suggested that too detailed an examination could not be justified, were inevitable. For example, the percentage of answers in the category " cause of accident" that were coded as "unclassified " in data B was in some collieries over 90% and for surface workers was never lower than 40%. There were important differences between collieries in their use of the coding " unclassified " which were clearly due to different habits of recording. Furthermore, discrepancies such as the recording of the place of an accident as " elsewhere underground " when its recorded cause is one specific to the coalface, were found frequently enough to reflect on the value of the material. In addition, large and consistent differences were found in data B between the two areas: the pits in Area X had higher accident rates than those in Area Y, but their absences were considerably shorter.
It was found in data A that collieries used two different methods of recording the length of absence; some collieries recorded absences consisting of a number of weeks plus anything up to six days but the majority recorded absences of a number of weeks and only up to five days. It appeared, too, that the day of start of absence and day of return to work might or might not be included in the absence; in some collieries only complete weeks of absence were recorded. Similarly, in data B absences of six, 13, 20, etc., days were never obtained. There seemed to be a definite tendency for men to be recorded as returning to work after having had absences of complete weeks irrespective of the day of the week on which the 'accident had occurred. For these reasons the data contained extremely irregular distributions of absence. It was possible to obtain some details of manpower and manshifts to give denominators and enable us to compute accident rates for certain groups, for both data A and data B, but there were difficulties here also. In particular the breakdown of the population by age and occupation simultaneously was not available.
Finally, it must be remembered that not only do mining methods and environmental conditions vary widely from colliery to colliery (and indeed in many cases within the colliery from coalface to coalface) but also that similar occupations are defined differently in different pits. Hence strictly comparable conditions are hard to find and casualty rates for a colliery reflect a whole complex of situations.
Analysis of Data Despite these drawbacks, it was felt that, as this material was the first of its kind available in the coal industry, it was worth detailed examination. A number of results which appear reliable and instructive were obtained and are discussed below.
Methods.-Wherever possible, both incidence and length of absence following an accident were examined, using the following measures:
(a) " Casualty rate ", taken as the number of casualties occurring in a particular class of worker divided by the number of men in this class. (The casualties refer to a year's experience but the numbers of men are those employed in a particular week in the year. Thus the numerator and denominator of the rate are not strictly comparable.) (b) " Accident rate ", taken as the number of casualties divided by the number of manshifts worked over the year.
(c) " Length of absence ", taken as the median length. All those absences which were " not recovered were counted as greater than the median. The results from the two sources are remarkably similar, despite the differences in coverage.
In Table 1 , the casualty rates, based on numbers of men employed in age groups, are given for data A. There is a considerable increase in the rates over the two years covered. The provisions of the National Insurance (Industrial Injuries) Act and of the Supplementary Scheme for Colliery Workers came into force in July, 1948, and may have had something to do with this effect.
The results for data B were similar and such differences as there were are probably accounted for by the differences in geographical coverage of the two bodies of data, even although data B were for 1953.
There was an overall tendency for the casualty rate to decrease with age. This might be due to such factors as greater carelessness in younger men, or to a tendency for younger men to report injuries Table 2 . Those for data A are again in close agreement, although they are less reliable on account of a large proportion of " not recovered " casualties. The fact that the older men experienced longer absences wherever they were working might have been because they tended to incur a disproportionate number of serious injuries. In order to examine this possibility it was necessary to group the casualties by age and by severity of injury simultaneously. The groupings of injuries, which were only slightly different for the two sets of data, are given overleaf.
Using data A for 1949, Table 3 with increasing age. This pattern was not, however, consistent from pit to pit. For data B, the pattern was not so clear cut, and a closer study was made which showed differences between the two areas. However, the rates of serious casualties were found to be comparatively consistent but the minor casualty rates were more diverse. This suggests that the differences in the patterns are due to varying willingness to report minor injuries rather than to differences in the true incidence of accidents. Table 4 shows for data A the length of absences Casualty rates were computed from data A for each of these classes of occupation, and corresponding accident rates were obtained from data B. It was found that there was no single occupation, within the places of work, which consistently had high or low rates in most collieries, but there was wide variation from one pit to another in the rates for any particular occupation. A typical example is that of the eight collieries in Area X which had accident rates for coal-getters varying from 0-96 casualties per 1,000 shifts to 3-97. It was thought that this variation might be due in part to different habits of reporting minor injuries in the different pits. Using the classification of type of injury discussed above, the minor injuries (Type 1) were removed from the study but even so among the more serious injuries wide variation was still found between pits for each of the occupations.
Accidents were then analysed by cause for each of the occupations separately and it was found that, as might be expected, men in different occupations suffered accidents due to different causes. However, the pattern varied from pit to pit. On the other hand, the type of injury suffered did not appear to vary from one occupation to another within each place of work; nor indeed did the type of injury vary clearly with the cause of the accident. This was found to be true for each place of work.
Finally, a study was made of the lengths of absence, and it was clear that, for similar types of injury, similar lengths of absence were taken, irrespective of what had caused the injury or whether the accident had taken place at the coalface or elsewhere underground. The lengths of absence for surface accidents could not be considered as the numbers of accidents in many categories were too small for their medians to be reliable. Table 5 illustrates the point for accidents occurring at the coalface. Certain causes were excluded, because the numbers were too small to give reliable medians.
Thus the apparent differences in lengths of absence taken by coalface workers compared with other workers have been explained by differences in age distributions at the three places of work, and by the different types of injury suffered there. Nevertheless, it is clear from Table 3 that coalface workers suffer substantially more serious injuries (Types 3 and 4) than other workers. This might at first sight appear to be a contradiction of the observation that coalface workers have shorter absences on the whole than other workers. However, the figures in Table 6 , summarized from the same data as Table 3, show that this is due to the even greater preponderance of " slight" injuries among coalface workers.
Thus for coalface workers there are 6-8 times as Table 7 gives the mean accident rates and it can be seen that there is no clear indication that the underground accident rate increases with size of colliery, and it is obvious that surface rates are independent of the size of the colliery. The underground accident rate for drifts is lower than that for shafts, and it is possible that this accounts for some of the size effect found in other studies (Acton Society Trust, 1953; Paterson, 1956 ). Miscellaneous Factors.-Data C were used to examine the suggestion that high surface accident rates are found where there are high underground rates and similarly that low surface and underground rates occur together. For this purpose the collieries were grouped according to whether their casualty rates were low, medium, or high. Table 8 shows the number of collieries which fall into each of the nine possible combinations of the groups of surface and underground rates. Shaft-raising collieries and drifts are considered separately.
Of the 163 shaft-raising collieries with a low underground accident rate, 97 (60 %) also had a low surface rate. Similarly, 126 collieries (56%) of the 227 collieries with a high underground rate, also had a high surface rate. The pattern for drifts was similar.
It is therefore concluded that, over the country as a whole, there is a strong tendency for high accident rates to occur simultaneously on the surface and underground. Taking the divisions separately, the result was found to be true for shafts in five out of eight divisions and for drifts in all three divisions where they exist in substantial numbers. There is a strong tendency for all collieries with high underground accident rates to have high surface rates.
It It was found that casualty rates were always highest among coalface workers, with rates for workers elsewhere underground next, and surface workers' rates lowest. On the other hand, coalface workers had the shortest absences, because they had a high proportion of slight injuries which led to short absences. This high proportion of slight injuries, and the short absences resulting from them, tended to obscure the important finding that coalface workers also had about twice as many serious injuries as other workers. Apparent differences in lengths of absence between workers in the different places could be fully accounted for in terms of age and nature of injury. No particular occupational groups within the main places of work seemed to be substantially different in their accident experience.
There was no clear indication that underground accident rates increased with the size of colliery, but it was found that drifts, which were predominantly small, had lower accident rates than collieries of a similar size raising by shaft.
A strong tendency was found for collieries with high underground accident rates to have high surface rates, and vice versa. Similarly, the accident rate in a colliery appeared to be relatively stable from one year to another.
Studies of other factors did not lead to positive conclusions, probably on account of the inadequacy of the data.
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